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ABSTRACT 

PROBLEM TO BE SOLVED: To obtain a semiconductor device provided with a 
semiconductor circuit composed of semiconductor elements which enhances TFT 
characteristics and has uniform characteristics, by a method wherein an 
interface between a region constituting an active layer, in particular a 
channel formation region, and a gate insulated film is formed superiorly, 

and its manufacture. , 
SOLUTION- A catalytic element promoting a crystallization is annexed on a 

substrate 100 or an underlayer film 10, and an early semiconductor film is 
continuously formed on a first gate insulated film 102a, and next, after 
the early semiconductor film is crystallized by irradiation of infrared 
beams or ultraviolet beams (laser beams) via the first gate insulated film 
102a it is patterned to obtain an active layer and the first gate 
insulated film 102a having a desirable shape. Then, a second gate insulated 
film 102c is formed. 



-5714342916=RIPLO 7081-462702408= 



703-11-18-15:37/001-004 



88-^60051 73203 P 



(19)B*S#6?/f (JP) 



(12) 



(A) <ll)4MMi«&H«* 

«f|»2000-58839 

(P 2000-S8839A) 
(43)&W!B ¥#1 2*p 2 25 8(2000.2.25) 



(61) Int. CI. 

H01L 29/786 
21/336 



KMC* 



F I 
H01L 29/78 



617 
616 
617 
627 



U 
V 
L 
G 



MS* *!9# IS*3i©»20 OL (£17K> 



(21) WE*^ 4$K^10-221986 

(22) WBB ¥JS10*P8fl 5B0998.8.6) 



(7DHJHA 000153878 

(72)^BJ# lU« 

#^;i|»»*Ttfft«398#tfl *H*aa* 

(72) SfcfJWf S£S 

#3S/nmp*ms«398Sift 

(72)fg9J# ft® *W 

tt»«/njft^*mfi«398ss!! 



(54) 



(57) (S*5] 

SCtlCfcO, TFTOWtt«±«*«i:t*C«- 

*»*sa*5 * # of^K^tt * ffi«-r * *> * * • 

(U-^-jfc) ©jH#KJ:4ffl«**#H©IS»fl:*ff 

ofc*. /t^-x>y*tf&v»jjr»©»tt**rr*«tt 
jgfe«t^« i ©y- n*wt»fc«. ^2(oy-h*6 




(o oiMuKWioiiou-tr-ewbxa 

till 



i 



103 



cd) /\9-~y^JM 



<E> »2OlBflai020(^aX(ft 



M 001-5714342916=RIPLO 7081-462702408= 



/03-1 1-18-15: 37/001-005 88 * 60051 73203 p 



( 

i 

MMtan ieB«*^**BJbfc«a*#«MM** 
Bit, tm&m&moMm-mi', jaosogass i ©te»at 

stti, Me«&ji©imB£ttu b.^msb^ i o*6<aM 

*«*.fc¥3JH«£B. 
[8S*« 3 ] gMt* 1 SEfcttlMW 2 K*SV»-C, t»BB«S 

i, Fe, Co. Pt. Cu, Au, G e 3&»£>B»*ttfc 
4>ft< ttilO ©5EBT* 5Ct^»iT4 

82B 1 ©|«»JteMBiSttJl&©*fflK*tt* 3 FM4Mi 

o t>4£i> c t £**b t r a *«mm8t*» & * 

a*«K*EM***.fc¥»IMMiEB. 

Be^H«jg**-r-5y- 7 jus a, ^> 
m#m 8 ] 1 7ss 7 © wrtu»»-c* v»t. n 

8By- hEBttft 1 ©»*I8±«C. S8 2 ©*««*<«« 
Sttfc^JSfliigSWbTfcD. ffflESfi 1 <D»«RML. * 

££2©WIK& 7Jt'5-£A3;fctt7Jl'5-£A£ 
[S*JS9) »#3ll71B8 0V»t , n*»-lC*V»T. tt 



2 ) &m 2000-58839 

2 

83^ 1 ©*fe»&©BUStt. l-«B0nmt*4Ctt» 
«^-T*i|»»*IIW6«e* l l i **BII»*«*.fe , NiM*E 

SB. 

[1*3**1 0] B|jJiJIU7S29©V»W*»-C*V»T. 
MEB2©teMR©KJ*t*. 100~2 0 0nm"Cfc5 

MMOU 1) Sl#« 17551 0©WW*-C4N» 

t. tniB»tt«tt. y-xtwu:. l«W>«t. « 
10 ev-*«*£MEKM' >««©nBic»*snfc^* 

m«Hl 2) 1 tc*iV>T, *NEV-X«*& 

*.ft¥JS#£S. 

(St#JSl 3] fS#3il 1 1 2fc*s^T. 

4] MOTl 175S1 3©l»m*»-K*JV» 
tttttf&ft] 3 *i-C t » * c t t f * 6 

[»*«i 5} fflURjgi i7jsi 4©v»-fn*»-»c*^ 

**B*U filE«&7Ci&©«Kte< 
«fc 0 fey-3JMU3 £1* F U-f >«««)«'5*«*V> c t 
30 S#«i-T-5¥»#:*-?^e.fta#2»frEIgSSrfll^/t i l £ 

1 6 ] W»aiB€«T6T16«©^ft <th- 

iftai±K:«D»i*»*Blfc» l ©WWKfcfcMSWSifcJMi 
T5>ISt» fJE^l©*6»K*^bT*n^*ft:«» 
n*ft«H*r* C t K «fc 0 S3SE«J)«^gi#:!!l?£^a<k u 

#ffii©*8®tifl!asg 1 ©«e»sg©sg®*-a$-e:axe 

40 t. W82«tt«»^»l©ia»Bl*«-3T»2©lft»« 

-hEJis^fij-raxet. e«r«4MMc«T»6ft 

a^»#EIBS$fiiAfc^»*SB©^»^tt. 
CB*«1 7] !6»BSSW-raTil!lR©il>ft<<!:*>- 
«5»Ciga<b«:l!jS-r-2)««E7C3ilS«-raXSt. fliSET 

Mng±tc«]»!¥»*Rt^ 1 ©ttiwt ftatt»c»* 

50 ^fl(II2mi©)isfei»K*/^-->^L'X. ttE«lM^* 
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JbKSglWfcWBIS^tfTSXSi:, fitl^l <Ofc«K 
±lClSl/T»2W^«K€r^J«r'5Xei:. fl)ei&2 0 

m2<©E^B*»fi£-r5IS<!:. fl&ESI 1 
ffi^EPUDT-SCtlCfc-pT. ffig23§2©ESUa£l®ffi& 

[fS#JBl 9] 6 75S1 8 <DV>m^-JC*Vi 

T, J810lfe»«RtfJB2 0*S«kK*^bT. 

tii#3S2 o] IS#JS1 6 7151 9 ©u-fn»>-K:*3V> 
[0 0 0 1) 

* (TFT) *MOS b?>i?Zf$OtttiWZf3. 
[0 0 0 21 

h7>y^ (TFT) K«fc9iil3r?HJ*;*.H]P8*$J; 
jmSdHIS8*«BEU/STi'x^ 7^? h 'J JItV 
*7M*<tta*£tfTV>S. fl£ST^^yW«0. 
5 - 2 0 -f > f-gg<£ t> © ^TSfTKT >f 7. •? V-i 1 1/ T 
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[0 0 0 3) 3^«, isnmnm^^muis.^^ 

tt¥3»#IS£f£ttS£-f*TFTAiii§$nT^5>. & 
gte**#&£«£JI£:-f*TFTtt, #H.Jt**#£ 

t-r * t f t <t \m u tsj^ jiS-^Kib^* # 

[0 0 0 4) JKfflx^yWfMfSWl^©^! 6 ) 
0SISErt:*nTU*. V-*E#*5«fc 

i;y-hffi«ic«nisi5SicTFT^»^$n. ust&at 

20 [o o o 5) seox> h«ffiEII*m©ift$t##<£ 
hmm&m#ft£l>-CA 1 . Ta. TI**«fflV>5tlT 

r^fcfcroro. 3 o o"C~4 o o'Coyo-fe^iaSTfe 

»K^SttS^Oi£»75^i;. TFTfflBm. TF 
30 T#tt©«T©£&l£Bi&oTV>fc. 

[0 0 0 6) »SBM;a&JI£:*T5fc«>Kfi. R&S 

BHtramaRtf ES£«ff#teE«K&ia-r* - 1# 

i^STSO. »«iBJft;«lS««. mEE^ite^. COS 
JSE«*S£l t O^FS^aaSSX v ^> if K:«fc D K**TS 
£sSt>»*. BP'S. |*S«^«lS*ffl^X»)ieh7>>' 

[0 0 0 7) 

40 [&E;WRifeb<fc3i-r*Sffi) 91«E. TFTflttS^ 
SbS3l<*46&nT*JD, TFTCDfiH4»ibT«, #H 

Ci:A^*«$nTV^-5. S63I5CDTFTH. &TtC«BS 

[0 0 0 8) «8Ifi±i:7^7 7X^'j3>' 

K^fiKKb, d07 ,; e;W7 3'A-> l Ja>JK (*SS^* 
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&jbbh£^j*u -n=£/^--> 

*&m%. COUT. TFT©f^»X8€:^7T*. 

(0 0 0 9] j:o*5icfie*Ttt. 
£&**§ste¥»#iK©£is*<:*^+©**«#> 

(0011) *9B91li. SttB. 

T*C&fcJ:?K TFTO«tt*lSl±S*4tt'bCft 
-ftfctt ft'TT S ft * *»#!sI8& *• *■ 

[0 0 12] *fc. *RfJ"Ttt. fi&ffiBfc<ffcffi©SJI#*& 
B»*»**rc, y- hEI»*llMnMrt"* ctS^I 

=9A*?©tttt*. E»©E»*«FJtUT. ¥SM** 

[0 0 13] 

«■*»*■*-«&*«>*»] ±E@M*#ifeTSfc 
««£:frLT**ttSfcttSSttft (U— If-*) ©mw 

tt**-r*sttSR^as i ©y- h*fe»»£f§ft«, as 
2 ©y- MfeftKfcftft'rs ct*-o©^«t ut^ 
asicu— if-*©jH» i b^at5 6-rc«tJ4<jS 

[0 0 14] #iJ3J«BS*Ta&£iiJKW«CJgfSTS 
ft < RfctfX i*Ta&« E«© WWfr 5 C t 
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[0015] *fc> y-hmffi^^iflJifit 

U ±S©Ei&S*<Stefcft*«*« #*L<tt7*S = 
TJB©E»H*±Ji©E*S«»«t D fc^S^'W 

n Utt*»«nr»«»Mb^«*^ >* ****** ;u 

©««tUTVi*. 

[0016] *K«a«-cB8^-r«*5e^©^ i ©*»^ 

teJBt, Ma2iSttH©Jiiac»-r** i ©«6»«t. m 
8EiSttJB©«iS^«^. fioffiEllil©*fiiWK©-tSi& 
0CflWli:»r*JII2©lftlMlt, IMB»2®ElWU:fc 

te-Tzzmmntftw *y- he** c t 

[0 0 17] *fc. *&91©«l©«»fJc (S&2©8ifi£) 

WEI££H©J:iEK&T*l&l©*6«Bti. * 
E«tt*©*WKttU jaofflESI 1 ©*fe»K©±®& 

«r**JMiift**T*y-hEiite*^» mess 2 
t^watrftWiMHP^sfts^wwia****.*: 

[0 0 18] ±E«*J«fc*V»T. ttE8»tt* 

*-a-*ct)5t<«ft^-r5xets;^ft<it>«xjefSE 

cttwituTw*. 

[0 0 19] JD*.T. ±B#*MMC*V»T, MKMUSt 
Ni. Fe. Co, Pt. Cu, Au. GeA>6 

t>*. 

[0 0 2 0] ±E«J»!^3l*lgtt. ^SHS^-T 

[oo2i] *fc. ±i&&mmz}$^x. Msa^i©#fe 

©IfeaKt* 2 ©f&ftM t ©I^Stc*3tt«^tt#)»S<k 
[0 0 2 2] ±Eft«l<4K*V>T, IUE^««iS 

*^nr5y-hE»«. 7;i^^sa, ^>^;k ^e'J 
^y>. £da. ->'j3>75»saanfcL— a© 

[0 0 2 3] ±E : &ffi^*5«' i T, fiSEy-hE 

»«s i ©ssfcifi-tic. ® 2 ©aim^si ^ wt&® 

«j6*#UTi30. WES 1 ©»mK«. *>9)\>*Ltz 
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mutt, 7;us-C7A*fc«7;i/5^C7^sifijc»tT 

[0 0 2 4] ±E#*tf£i3V>T. ilt3Jgl<D& 

tm&Oi&mi-t* 10 0-2 0 0nmT45. 
[0 0 2 5] ±IB^«lfi)c»Ci5UT, mFEfi&tt® 

£*Tl,TV»'*. 10 
[0 0 2 6] ±E*«fi!cir*5^T. ttEV-X* 

[0 0 2 7] sfc. jiEs«fiKic*5ViT. mzv-xm 
[0028] ±e#«ijkix*^t. *friav-^ffi 

[0029] sec ±&&mmz&^T. kh&t-** 

[0 0 3 0] *&. *5EKTBB7K-r**^MCD^fi^jS£ 

on i 011&12. jeftan«*r«T*uit®4>ft< it, 
Ttm±\ziam¥m#mk3i i okmrj: 

fiETSXgt, «rE»10ttMRe^UT#^S&a 30 
UT««tt*»iMR*1»*I«£. ffiEftSAtt¥*{MR 

St, «JESttBRZ/SBlOi(«»«t*«^-C»2©ie» 

K*»*r*xafc. iWE*6«K±ic*/B*tit«*rT* 

[0 0 3 1] *&. *XUTnK-r«*JB9!Qfea#!£ 
©Sf£ 2 lMI«HS*T*T*l*®i»fc<fc'b 40 

-BSl3«3ft*b£t&£T*M«L7E$£&-r.5Xg<i:, msz 

BtS^fiET^Igi. IMBIUUIU££-JI«ljfie*r« 
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[0 0 3 2] ±E^»*ftO«-*B£fc*S^T. #/b**& 

TS2©^-«JK«r»J5£-r-5Xet. fflESS 2 
«UH£*«T*HB£. WE* 1 04»««C«£E*9J2ni 

[0 0 3 33 ±EfMMFJi©4*lJ«l;:*V»T. SSI ©*6 
«MSRr/»2 0l(s6»ie€r^bT. i*«S!*#-rf **** 

[0 0 3 4] ±E0«#tt©#lf|J«fc*V>T. *Sai£¥ 
[0 0 3 5] 

[0 0 3 6] *r. Ift»*ffl£*r-r53ttl 0 0SJ8S 
T*. SfilOOtUTIl #5Xg«. 3S 

[0 0 3 7] JMc, 0 0±IZT 

JtRl 0?£^fi)t-r*. T*Kl OiUTIl Btft&S 

r. Sfb&sftflt. gftAftssn (siq, n, ) . * 

JBfifcfrffite. &»<D&flJ. 0dAtf«J£CVD*fc. icv 
[0 0 3 8] &1>T% MR±*fcttT*«±lC****l 
tit. CVDft. ^XTttltt, -f^>fiEX 

ffl-r-scitTjtT^s. (Hi (a) ) HM:tttJtr« 

«41JE7C*t LTfi, Fe. Co. Nl, Ru, Rh, P 
d. Os, I r, P t. Cu, Au7i»e««nfc-a* 
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[0 0 3 91 fflffl***Bl 0 1 

KifeBdai 0 2a»l«4. (01 (B) J 
iTJToi ft*. *wrfWMMWttt. 

*0l, «*I«NMI*WWI (#»****> , «•» 

•i 3 >y;i^=*A«» ********* t - <D *; 
*oo4U sii©y-h*fe»fcio2ai:U-n*. 66 

OiPlUttHU ft**** #|*tt»ffiCVD*. «fcC 
VDtt. y^CVDfc ^^St^^t 20 

[0 0 4 2] *W*IC*»Ttt. WW****** 

mm&* 4 0 0-5 0 0 
3 5 0-5 0 0"C©&flLS : £J!D*-*l8i:T* 
[0 0 4 3] Sicy-^IO 24 ** 8 

1 tiijMss^TiaiHt****! 0 3*»A-r*. 
(0i (o ) -t^***^ 1 ' 

[0 0 4 4] ♦WIW-WIS******* 1 *' 
[0 0 4 51 tlJWIStt«tUTjR*V3t*»V»*»*« i 
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ft*, ft*, iioy-HMHWW. 

" 0 4 6 i b 5£f S" 1 

1til0 44#5. (01(D)) 
[0 0 4 7] *fc. 3fc£B*«^ ^2©y-hte 

s«io2c *. m 1 (E) ) * 2 < oy-h 
luwtu-ctt. ftiutMK. *<tmm 
(sio, n,), *fciicn^»iR*^o 

0 nm~2 0 0 nmOWMMTCH''**- fc*^**" 
[0 0 4 8] *WC. 5gl©*««l05^2Oi« 
||10 6fc©MM*»*r*. (0 2 (A) ) *1© 

9«bi 0 5 fcUTtt. 

*. ftttf. <Ta) . (Nb> « ^ 

(Hf) . S>*3-9A (Zr) . ^> (T 
1) , *dA (Cr) *~ 50 

2 0nm) ogUMMI-tfjBV»«£fc*«-e**- "T, 
«. jdiODWrnKtUTf^fl' (Ta) R*«v>fc*l 
WLTWWCHW*. ft** 9>9M ^l^l 

[0 0 4 9] *WWI+T/tJW^4«ttt. 7/-M9 
3 7 0. 1 9 8 5) 

[0 0 5 0] *fc. SB2ro8l«J«10 6tUTtt. 
LT®^05iKtft2»® 2 OS!IWift»«i"*fc*«* 

t-T*«»* 2 0 0-5 0 0 nmORfKS 

[0 0 5 13 *K. Ui?7.hV^^10 8Sr^BKbT^ 

ft*»2OE«110 7 a*»*-T*. (02(B)) 
ft*. CCD3S2<3E*S»1 0 7 att, V~ MS&O-tS 
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(0 0 5 2)^ WW?lOittlt« 

^i*B«fc«». <® 2 ( ? > 

[00 6 81 «c ^i^52i?i2SSi 

i ©HWBMfc-ctt. * 2 1 o 7 c ^ 

anr. *>*****-r »* < Ta ° x > 11 lim * 

to 0 5 4] 04 (A) C02 (D) 0A»-CBofc« 
Hill*. HI biWMI*nTV»*. 1 1 1 

c tt#-9*fl©wnwb«fci o 9 iw-is-awt* 
nMS*-e»*. uu- i 1 1 br*sn*(ia«« 
;tij7ai«)BWBM*i i o tra-ie-?*****® 

tf-Cfc*. &*. HI aT*S*l*««tt»WHM» 
1 0 9<OTS5»-5 — 2 0 nmeSitAL'TVi?). *M 

1 1 1 bT*Sn4**»A 1 ***ufc*>**** 
lMHfcU<ttTafcAl ±V**amOMt*'3~C» 
a. *&. 1 1 1 cT*«n*«*ttl 1 1 aTTPSn 

[0 0 5 5] rf-^XBOMBMUK^X** 

©bb******^**** 1 ** 1 ' B*fc«>fc*Bwu 

&U. *M BtfcXyf^^C*^!*, Mitt 

o 9©TB8icia»3ii/uT*'>x^^>ysn* 
a<, BWHt©M*B*L'fr Vi « 

[0 0 5 61 *fc. iSfiIlO40*f^-hte»» 
10 2b, 10 2ctIr»ft««>Wf' BBttStf 

*t**«b^ v-x«** 40 

1 3. 114S»*t6. (0 3 (A) ) <*>®5Slra 

-K>yBB©&B«>*R*B^™* J:Vi - -oie-c 

tt. ^is.y:S2roy~h«fi»K*a^»^" c; ' ; * ie% ' < 
*>3WS*Ji»c»lD*n*J:*KH-t:>f*fr f- 
XB. !KlS«ff«*Wffi5T%. CwTti. PS>©**£ 

50 
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[0 0 5 7] 04 (B) KB 3 (A) ©/SBTffloMK 
«M«*fr«H*«r. ilBMOBBTtt. TFT* 

as****. TFT#*ft. «*u^rv^. a^c. 

1 1 2 fcaKftKB***™*^ * ZtV%* 

[0 0 5 81 *^Tf*5BWTTtt. ffiltS©^®*^- 1 ^ 
ft&ft&l 0 2 b. 10 2 c^fc^OW. *- 

9*aoM«ftfl* i o 9 *p«ufc«. * 6 *' c " 

F, SJB^K^x,f>yWO 1 0 

, T ,i $g2©y-^^^®*^ ,>x ^ >: ^ 

#fcJ^-Ctt. BBBfcBl 1 0©T«B©1 1 
1 1 2T*sn*«*cHD&^T?**x^>ysn 

[0 0 5 91 *K. WB. 

1S«1 17,11 8*»BT*. (03 (O ) -f*> 
^ 1 1 6T**n*JllOE«»* t ^^ tl ' T * IB 

u y-^B2»©Tf^&©B«tt^*^ , * <s, * 1 1 9 

[0 0 6 0] *C. 5 0 0-6 5 0^, 0. 1-1 2» 

<0 3 (d> ) zom®MK£ 
ot y-xB**.WF u-r >&mz**z*n®<» 

h-*>*xst««u 
B©BBa*. 'J >#*ftJ3*ifcy-x**Rtf f ^ 

y * U >*-»*K«B LT^* 
**©«*56BBB**»S**»**»***- 

[0 0 6 11 04 (C) £03 (D) 

#0tt*»ni0S*l-. 1 1 1 d-c*«n*pwwft* 

tt 111 a©-BBT**. 0^$n4±'5l-. 

^l©y-h«fe»Kl0 2b, »2©y-h 

tei»Ki o 2 c-ca^^jgtr*. 
[0062] ««ic, jimieftKi 20^/su y- 

1. l2 2S»fiET4. (03 (E) ) C^bT. *55 
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[0 0 6 31 ft*. B6CH8 (E) te*»*WiHH* 
^-T. 0 3 CE> ti, 05 (B) tW-T*0, 0 5 
(B) lC*>tt*Z-Z' JB-C©»tS«jfi0«0 5 (A> 

e «iT«. ft*, as (a) -c**n**«»w*. 

-X' !UTW»flS«jS0«0 5 < B > 05 
(A) C6W*Y-Y' ®TW»fii«lit0«0 5 (C) 

[0 0 6 41 

[0 0 6 51 [*BM 1 1 *B58WS:*JJB Lfc**** 
**>&ft**»*B»*B*fc^**B t ^ T ' » 
10tSV»tt«»M«HI*«W*' '** 5 - * 5691 

c*»«*w*imtt. w-**.t»=B2B»Bi6»& 
weWfijtT* cmos lass ■*^hu^^B»«o 

-»*«Wrt-*B*TFT (NfV*MTFT) fc#« 

[0 0 6 61 H10ttH6~9«>JbBHC«iST 
5 0f*O. BlOWWt. &UA-A' T«J»rLfc 
0 1 0 ©BBt h U **B»©BBBSfcttS 
U jfiSB-B" T«»rUfc«»*«. 0 6~9©CMO 
SH»©»HB«ififc«Mi-r*. ft*. 0i 

■*Thy*xna*7 0 i. s£S«BBiiH)g87 o 2, « 

*IMBttBK7 0 3 *BBB»B»7 0 2, 

m^BBSJiuss 7 o 3tt-tn-en«fi«6 2 1 . «»» 

6 0 3 Ct^TMV h U **BH 7 0 1 Kft&SnX 

$nfcHi*TFT7 0 42>tJ&l£$n. ■BTFTKttB 
5gmffi6 1 3, ttJJD£S7 0 5«»*tt*nTV»*. 
[0 0 6 71 091C*V>T. Vi-ftlOTFT (»Mt>5 
t>S«2 0 0±KfftttSnfcT*lfc!»2 0 1± 

cfg&sn-cua. cMossKrop^v^vsjTFT 

-X«*XttFW>«*> 8 0 1, 8 0 Zt. J-** 
;ujBf£ffi«8 0 3t. WB««8E*tt4&«***9e* 1 * 
*jV»*««©«K:«»K^tt*WB* 8 0 4 • 8 0 5 ** 

SSl©y-h«feBK2 0 3 btm2<Dy-h*&»K2 0 

-hEBtt. 1 2£SB2©EB!2 0 7 

bi©»!«jS£*fUT*0. Sg2©E«)ittAU7S! 

®itff&ti:ft2 1 0T«a$nxu5. *©±s«"5iii 

105JirailfeaK6 0 1 tn>^^ K5fc-jU£fl5J&UTi& 
«aeF«*J«*KEB6 0 4. 6 0 6*t*tt*ti. Sb 
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li*©±l£*2©JBmi6IHB6 0 7*«»rtan, E1S6 
0 5te3l*BUEB6 i o#*«*«vc. *©±*Bo 

T^3<OSW*fe»M6 1 2*»»**nTV>*. 
[0 0 6 81 N^r^VSSOTFTtt. ffittBt 

uTNB©*»aPF*M»«« w-xwxiiHH^ 

««) 8 0 6, 8 0 7t, 0 9 fc « 

iss^«6«xa«8 08,81 o*t»«snrv»*. mm 

K3Ftt«HH*lCttBiB6 0 5,6 0 6*W«Sn. « b 
0 CB*6 0 6£tt5l*HJUE«6 1 l*<««a*VCV> 
S. SttBtt^©«»«. JJBPft^aTFTtH 
— 1J|jgT?&5. 
[0 0 6 91 HB^HJ^XBBfcBB** 1 *^^** 
MTFTt^WTtt. W 1 ©BWIfe*B&»«*"*"*B 

T**. 8 1 lKttE«6 0 

3*<»B*n*-#. *«*^«««*8 1 SfcttBB 
6 0 2«<tttt£*i. -t©±lc!B2©BWIfeBlS*^' 

10 7s if ttBBT F T *«V». S-^EB 6 0 2 i#D0$SS: 
*«UTV>*. SSC. MiCjBSOlllWtttfil 

1 3^^n4. ft*. **K«trtt, B»tHJ* 
^lUKOlii^T F T©y- hB**^^^- MKififc 

[0 0 7 01 *»W©«BBfc*V>T, ^Y*iH»*B« 
30 fc»l©y-h«M»fc«>JHfffc*W'* (KB> Bs&. 
g*. Na, Fe. C r. Al, Ta§) *B«3«« 
«, ^l©y-hi^ftlStS52<7)y-hie»lIgt<D^ffl 

4. «TFTOf*^MI*««8 0 3, 8 0 

9. 814. 8 1 5fc»l©y-H6IW2 0 3 btO 
#IBK*Wft«». B8*«©^««I©Bft«: 1 x 

1 0" atoms/cm* WT. »*U< HI X 1 0' ' atoms/cm 
' 3 K*B»«*fe«W"*'* a 

40 (Fe, Cr«) 1 X 1 0' 1 atoms/cm' £TFK 

7C* (Nl) tt, 5 x 1 Catoms/cn' tlTtT^wt 

[0 0 7 1] WTIw, B6-9S0BUT. *SE?3CD# 
»*tt«0f1«tttFB«!>— B*WBKIIIBT*. 

[0 0 7 2] 3Tf, *&S^®**"^*S«2 0 0 4fflS 
T*. **«BH«V>Ttt»*2 0 0 tUT#77.a« 

(a-^>^l 7 3 7 ;g&6 6 71C) *JBV>fc. 
50 S««lStcT«llfi2 0 1 fc bTffi<kftmM* 2 0 0 nm 
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©wrc*i*ufc. xvr- ««v»tn mm® 

WLZmttls. MlC&jtSSUTN 1121 £JBfi£bfc. 
(0 6 (A) ) fcfc'b. N i 0tt5E£&JB*J£bTV>* 
te«DT?ttftV». N i PBf^ffi©N i aKttS&JftgT 1 
~ 1 0 0 0 p pmtn. **!MllTtt 1 0 0 p pmt 

[0 0 7 3] i*S3I^K2 0 2fc^l©y-h 1 

JfeiBtia2 0 3 a*ig)KWlC^fi£bfc. (0 6 (B) ) * 

b. W*a*flk>fc**. #5 i Y>A--S:»lbr'5il<i: 

te«C«tO«BI^<i:UT> J ->7> (Sit H, ) 
TJSJ15 0 nm©#»«a«ll***U. «ff»CVD 
&K<fcl5&J9 2 OnmOSftR*^**^!®^"^ 
MK«*ftU&. &*S. #a«^*K2 0 2O«+K* 

231, «**©**64ftl©***5X 1 0"at 2 
oms/cm' WT£fc*«k3IC*ilffi«b««&f&l1WT*. 

[0 0 7 4] flt^T. 81©y- hlfel*K2 0 3 
SKfrbfcS*. 0 2 

n*»!»«*«=J:0*MMfc (U— tf-fclMb) bT*SIH4 
S«|»2 0 4^t. (0 6 (C) ) SSJC* SMtt£ 

**lMmi. X e C 1 ( A = 3 0 8 nm) 

*JBV>fc. *«MTtt. *ftH*^f 

[0 0 7 5] *C 06 (D) ICtST .£ 5 ItSSSteS* 

a^-->^i&^l. stta2 0 5, $gi©y-i-«£S 

1203 b£J&j£bfc. 

[0 0 7 6] WZ, KJ?1 0 0 nm©^2CDy— h*6» 
K2 0 3 c£SfiiIS«7tMl/fc». f lOSS 
K,!:LTTal||2 0 642 0nm > ^ 2 ©SMtBtfc bT 
2 w t XC7*>m**(rlfc*S 4 0 nmCA 1 

mtvmmmzK&Ltz. -tut, us?xh^^2o 

8ft**tTA lK^^-=>y b. S2©E«I2 
0 7 a*»J*Lfc. (0 7 (A) ) 
[0 0 7 7]^»C. l/vXl-7^{'2 0 8i£Sl/fcS 
£, »ffl»><blS«©:/a--:/*T aK£tttt£ttT. SS 
l©HMWMt€fT-afc. »SHMb&#tt. m»j§«EtC3 
%<D*S3.V9L#8» (SSI OTC) *JB». ilJSgfiES 
V. «EEPPSDP#ta 4 0 ^SpS)5it2 OmA/USt 
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WSnfc. 5fcV>T, k*>*f*T**2 0 8«Bfc£bfc 
Ifg, HMIBMb£IB©7D--7*TafllKtt«3-& 

«c 3 %®S5»*strx^i'>y u 3-;w**t» 
1 or, sia«£E8 0v» ssepiaf* 

H304K «JSSEE3 OmA/lSfittfc. C©lS 

;tU7ffl©»«tft«2 io. jr>*Mr*Hr 
<f H2 1 lAW^nfc. (0 7 (B) ) ^BRlCfi, * 
>*;W#»-f FK£j£bfc®*£©IRJStt*tiD-r*a t . 
tB«S<b©fe«60^ bfc 

[0 0 7 8] fcfc, *>*;w**tM H*»#*©xy 
3 s -* 0tJ*.tfCF, o*«v>Txyy>ycJ: 

2 0 3 c fcaias-e-TSttJitc&irab, *KN?tW 

gJ©»S£& tf-S-T* 5F*6«l-f * >"C * * # D > * Rfc 
IZbTfSttJI (2 17, 2 18) T^3ft*«««~*io 
bfc. (07 (C) ) #D>©K-XStt, PSf©**G 
#J«g«2 17, 2 18W#DWt><0it* < NS!O^ 
tt«>®«2 1 3 — 2 1 5, 2 2 0, 2 2 1 lC«403*l* 
iJH^^ISOl. 3~2fSg£ICfc£«fc5lw-r 

Xy^yi/rfl**-*-*!*. »2©y-M6«yR* t Xu/ 

[0 0 7 9] ^IC. #-9^ffl©IWBtfl:»2 0 9 £4* 
»©*8sKJ:0Xy^>yUT|**T*. (08 
(A) ) 86K7***«)Xyft>h3!f7 (09^.«C 

hp, ) *fflVifcxu/5 i >yffl3a*jfiUTiaffi«<b«5 2 

0 9©T^fwfffiEbT^fc2 1 2T*$tlSISRlf*l** 

jis-e-T. 07 (o T^$n*xec*5Jt*^««i« 

4rr«ttUFFffitt(H«3 0 6~3 0 9. 4 0 4, 4 0 
5RtfPffl©*«tt**TaffiW**Ktt1«*5 0 4. 
5 0 5*®^Lfc. (08 (B) ) ±BXfllC49V»Tt 

[0 0 8 0] Nffl©*«*T«*«*C 1X10"~ 
8X1 0" atoms /cm' . Nl®fiiS^«»ffi«© 
•J>JHflE**. 1 x l 0"~1 x l 0" atoms /cm' \Z 

^ftASnft*-?fcW«l:*t 'J 7©^SfiSK tft 

i [0 0 8 1] /J:ti. ^WSBg'PTSttttt, ->'J^>© 
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(WW**^I«i^*K«ia (ixl0"~ixi 0" atoms 
/cm* ) TNSSfcttPS^t^^^tJS 

[0 0 8 2] *flHS*B«*fctt»*?-f«** 
fflgt«t>JC*J^T4 5 0^K±. 0. S~12B#RfJ. 
IMHTttBSOlC. 2l5fS©iD&5a«*Lfc. (0 8 10 

(C) ) 

(0 0 8 3) ±85ftl»xa»C«tO. 

6fi5ai«*tij>7ciRes5»siw-&trfc«?>T»o, ens 

m Stt*. 400~600*C. 0. 5 

~ 4 B#m©io&fflST, n i y * u > 9** 11 

[0 0 8 4] *©*S&. f-V*^»i««*rt©N I SK 
£ia*T€<&. ***->Wft*(M*3 0 4. 3 
0 5. 40 3. 5 0 3+©Niia»SIMSOttfflT 
©T&*5X 1 0" atoms /cm' «TK-f £ £ 

(0 5 (C) ) 

[0 0 8 5] S«^®Jcmi©Bra*6»K*K<k 

1 MmOSS 1 OlWft»5S{6 0 1 S«JSt4. * 30 
fc. te©HMite»&w*m£UTtiu £<b£*IK* BHb 
arcs**. awtt**«BB. ea*.«7*'j;M»iK> 

#>J-f 5 b\ BCB <^>"/v'^D^ , -r» 
[0 0 8 6] *t-T. 3>*0 h*— ^©HMK*^. 

s/UiKK'fc-rft&aoaBBfcaJRttKW*. ao&«a 

8 1 1-8 1 3. 8 0 2, 8 0 1. 8 0 6. 
8 0 7T7*SnfcfB«*5' , J1M K*b«* 

tt. ^*>. 2>!f?>7->* ^E'J 

7x >^£±6K# £ T 5 «ipf*^ * fit £/8 V» * £ t «* 

>jfTftittJ:0 6 0 2-6 0 6Tw$n*E3l£«* 
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[0 0 8 7] *K«2<BJiM!iW*l 2 5tLTt»i 

6 0 8«»Xy*>f **U»<f*. *l/T. T I # 
Ste£&)B&3 0 0 nm«:PS,SSU/t. -tUT. £©&S 
RJC^-n>^*JfibT^?y^VX^ 6 0 9 tBItU 

UEi»6 10.61 l*»Jfcl/fc. 
[0 0 8 8] -E-bT. m3 0Sm*fe»l«6 1 2*7*U 

fcoTRJPl Mm<D^3CD®W#6igkia6 1 2*»«T 
[0 0 8 9] <fcfc:3>** |»*-^0»J**ffV». B* 

tienmn. zlzti*. *f itomio 

[0 0 9 0] fitglw3 5 OTSOftMNM+K***'?. 

i »w©fflHMaa*ff v>. «w#b*©*»*«*si* 

«, C-5l/T0 9K.wT#!££®£. 
[0 0 9 1] *IS16#J CStfcTF T*ifitt, h V ^ 

«HS«nrtt»iSLCD*fMlb 

V». fcis, I TOK«*TD«MI«*KltttoKWAM 

jSAfr 5 C £ IC«k o TS»i! L C D ftfWr * - & «• 
RlffllLCDfcfMWfcB** T* 

[0 0 9 2] (HJtM 2 ] *ft)tff ti, HKM 1 ttt 
»jW«lSK»t>T. )5)cKSSS 4 0 0 ~ 5 OOtt 

trig i ©y- Mft»8i*jg/3E«. u—v-mshimm 

[0 0 9 3] *HJS0tJ». T«6StO«®l-»«7C*«r-& 
tf»#«&*-t*Ci:lC«fcoTtt«$7C3!S (Ni) 

a**, n i BKjgaoN i as»4sssi*T 5 0 ~ 5 

OOppm. (IfSKiaiOO-ZOOppmttS. 
**JS0»JT«1 OOppmtUfc. C0«S8TT«!iW 
SB UN i tfflWSn*. (RF 
— PCVD*fflV>fcKJP5 0 nmO^SSlSK) 

j i<Dy-h*feaaa*a^w«cfi)tKufe. -©i»< #ss© 
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<£&®a£4 0 0-5 0 0*0, #HJg0l?te4 5 0"Ct 

ffofc. s fit. %iv>y-htiiffl&<D&.&tmft\z. 

[0 0 9 4] ^loy-Mf6J*JR«r^U-CU- 

JtOj«ltlC^)lT^©8Si*. 0d*«RTA. RTPSr 
fflUTt>J:Vi. *SUfiffi|T«. &£3 0 8 nmMtf 

CO 0 9 5] «K©IS«R— ^BI-TS. 
i^-r-SCkCAO, TFT#&*<&#fcTFT£f£« 

-r 

[0 0 9 6] [^fflSfcl 3 ) *£JS0gtt, 1 <h \t 

[0 0 9 7] *HJfiW«. TttSl8©J«BS^ TASK©* 

S? <N i > £«#Si*«>. N 1 »S»i<DN i iSgteS 
1 ~ 1 0 0 0 p pmiti. *HJSWT« 1 0 
0 p pmtl/fc. CCDttJ8TT«6ROS®twN i 

+{C*ViTX+i/-7 1/— tf— (ifcfi 248~308n 

-ytc>fim\zKz.-c&xamai> m«RTA, rtp 

[0 0 9 8] *^ig^JT«, fc«2 4 8 nraOl'- «f- 
Z7=.-)V!&mTZZ,t7!><-S!1&-T;3?>0. I^BAI* 

[0 0 9 9] &lKOlS«1H-T**fc«6, #BST5>. 
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H3T4££fc:«fcO. T F T#14**JjI$?££T FTSrffS! 

[oioo] *%fcmn&M2 tm.&&t>i£z 
[oioii mmm4) *$mmt, mmmi tw 
-r*m*-r. (mom:* 1 o 9 * 

KCDX8lC*t>T. aoJ»i&SS:4 5 0~6 5 CC, 0. 
5~5^R!JtbTl 0 9<DTWc??GEbTV»;t:T aJK* 
10 ZTmMfrSVZ. S#Wfc«JB£te5SJg0y 1 fc«KW* 
T*5CT, fflS^O^lCgSbTKWT*. 
[0 10 2] *Jt)fiMt2. 0 3 (B) KtkTISSTIJ 
ffi-T**fc# ! &B&TS. 0 3 (B) T7*b£tt&£*§ 
1t®. »*bte»BaTft)S&ffiS£4 5 Ot;, 2B#ra<t:b 
T 1 0 9 ©TSPlC#fiEbTV^T aKS^T&SrfbS-a- 
T*>:*;l/**-!M Hfc£HS-&fc. USTiCiKi: 
0> TaK**>*;W-*lM' FT#«-r*i8rici:b 

[0 10 3] ^^Jl^^-tM Ki. Si. 35 

20 2©*'-MftlU**rt'bT, SttJI£W«B*tt-*-4"« 
T*Mrt*tobT«JWTtt«rt*«*»Jfcbfc. fc*5. 

l *©T««U-f * > ©*Un »c =fc 0 ran* icS5»«^tt%® 

fe^ff^bVi. 

[0 10 4] WP*<©lSttl»I-T**fc*, #B&-f*. 
^5r*^it«k0. TFT4#tt*^fiF)iTFT&#Sa 

[0105] *niiS«ij*iiJifl'j2*fctt3 tia* 
[0106] mmm s ) *jsw it« 

£D*H*@bT8»^f5. 

[0 10 7] 44WMTa. T*UR±K:«iK7C*£StJ 
[0 10 8] *S6Jfi08Ttt. Ti&m±\Z-y+r)l>$:'StS 

40 »**M*b, -to±fc^a»^*«*isjKbfciaa 

tC, ^gtlC$6$r»CHe*SlJObfce»^X*«HT 

^X^^tbrmioy- MteftK^ilittWic^iifcb 
fc. ^i*, §igi:*5^t. ^KitS4 4 5 ox:±2 o 

t:o«6BaTfr^Ci*W*bVi. JOAT, ^©JblCPC 

vD8sfc«fct>iii6»Bi*!fBsu as«it**-r*^io 
T^iwy-ne^Ms^T'Sfcftic, sj&T&ffnt 

S i - S IO, #@S:^*J:t^T#«. 
[0 10 9] J^ROlS«l?l-TfeSfe«i>, §B&-f*. 
50 C^ridtlCkO, TFT^tt*m»3iTFT^« 
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[0 110] te*, *^J6«=£*Sfi092~4t«a*-&fc 

•e- r £ t4"si fen *> * • 

[01111 BMSM 6 1 #*S6#Jte, 1 t « 

(Ni) S^tflfcJEJfcb, -fO±IC^W¥»^H8tU 
fUB (Hefc^iDbfcB^tf^Sffi^^X^BMfc) 

[0 112] #|Wfi«tt, «ttft**0#»K**~*"* 

ss&jKt, ss i ©y- h*e»R (He to, sfflv^xy 

[0 113] *©«, 8§l<Dy-h*fi»J8£fl'bTl'- 
TA. RTPtJBUTfeiK ***WCtt. *63 0 

fc. «tniK*v»Ttt. jwKftW-rawfl** 1 * 
[oii4] jafcoiwin-^****' 

[0115] ft*;. **««**is«2~5tia*'&t> 
[oii6] mmm 7 j *n«i«itt. *«« i ttt 

*ft**ft»= J: 0 JB 1 ©*- h*ft!Btia*5«t^ 2 
HMHH***^*** S*Mft«)««^iSWI 1 <t« 

(£PWT»S.6T, ««iS«>*lC»BbTlMirr*. 
[0 117] **««Ttt. ttfltTCJg (N i) fcTifeBJ 

fl|»C*^Ttt, PCVDSSfflK S 1H . NH, . 
Nj *Efc:l!f*fcLTrtBlUfca<fc£JM« <S I Nx) 
#Sft*Jlll©y-Ma«*»i*U !f-JH» 

PCVDSSi^. TEOSttt**SlB^tb 
Tfi£Blbft$g2©y-b*fe &£JBJ£Lfc. ft*, Sfcrt: 
S<tJ£$BI (S iOxN, ) &Jgj£LTt>±Vi. ft*. 
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[0 118] fg2©y-h*fe»lS<Z>fifc&*> JttMMb* 

atRWKisfcsu, ^ioy-h«e»K©*tbft. 

y>ytt#»ft3ft«>. Sl®y-M&SKSX7f> 
JRO*»*-r*Ct39»"C*«. ft*. 

niK0«*K*^Ttt. m i ©y- htetm tm 2 ©y 

10 [01 193 c©±3l;:ftft*ttK©«»*Sft**'- 

- h *ft»Sft t ©#ffi*tt* S»ft *> © fct" * 1 1 *> CI 
fcttfcT F T©y- h*fe^©«&»BE£|S]-h£-&* 11 

[0120] 6u*©ien*»w--r**fc*. #»&-r 
a. c-5T2.-tK.fct>, y- b*£*«©«ff a<»ft s 

T F T£l^-g«±tCf£«T* C t^TSfc. 
[01211ft*. 2 - 6 

20 [0 12 2] CXftMB) ||Jgm~7K:*bfc7* 
^^1-y^xJS**. iM0©tt«K:J;0«fl€^b 
T»W»«tl40**>*^** nfcAMLCDtt ' * 

*ft*^««©x>{^^i"f tbTfuaans. ft*. 

[0123] *©«ft«*«iifcb"ctt. t-y**;* 

xy;u#*7, -fu*j*L*t9—* yayx^->s> 
tv, ^H^j>hf-f^H. >3 

30 UNM* (*/*f/U3 

[0 12 4] 012 (A) Bt/WW>Ka-* (* 

-tr;w3>h:jL-^) *»2ooi, a^^s? 

2 0 0 2. S«SS2 0 0 3, MEX'f 7f2 004. 8 
££H2 0 0 5T«fiK$tl5. *B&IJUtt3fcS15 2 0 0 

3, «*SB2 o o s&\zmm-c%*. 

[0 12 5] 012 (B) H/\» HV?>hy-f 
-fT*0. *^2 10 1. 35*eB2 10 2. A*>HBB 
2 1 0 3T«lfiic$n*. *»Wtt*««E«2 1 0 2\zm 
40 fflf5Ct?J«Tf*. 

[0 12 6] 012 CO «*flr«BT*0, *#2 2 
0 1, =&^m^SB2 2 0 2. S^A^S52 2 0 3. 
gS2 2 0 4, S^yf2 20 5. 7>ft2 2 0 
6Ti^n5. *S56W««^a^«2 2 0 2. «^ 
A^jfif 2 2 0 3, Wf&m. 2 2 0 4 ^iraffl-T * 

[0 12 7] 012 (D) tttry**^7T?»t), 
2 3 0 1. **3$S2 3 0 2. «^A^SB2 3 0 3 . J* 
#X-fS^2 3 0 4. A'yyU-2 3 0 5. S»«?2 3 
50 0 6T«lfi)c^n*. 2 30 2. f)» 
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A*S52 3 0 3. S»W2 3 0 6 Icjgfflf* £ 
«. 

[0128J B12 (E) \Z')T2>-?Bi?x.9 
0 . 2 4 0 1. ft8S2 4 0 2, S^gfi 2 4 0 3, 
5 V- ((BJte-iU^yjy^^) 24 04. 2 4 0 

5. ^^'j->2 4 o 6T«es;sn«>. #«9ii;m^g 

S 2 4 0 3 ICSfflT S C td<T^<5. 
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